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1 0 .  E f f e c t s  o f  r a t e s  o f  n i t r o g e n  o n  t h e  c o p p e r  a n d  z i n e  status 
o f  w h e a t  p l a n t s  a n d  g r a i n  production 
1 1 .  E f f e c t  o f  r a t e s  o f  p h o s p h o r u s  a n d  n i t r o g e n  o n  t h e  copper 












1 2 .  D e e p  p l a c e m e n t  o f  m a n g a n e s e  f o r  l u p i n s  87E44 
P r o j e c t  title: 
Aim o f  project: 
E v a l u a t i o n  o f  e x i s t i n g  d i a g n o s t i c  p r o c e d u r e s  f o r  the 
r e c o m m e n d a t i o n  o f  t r a c e  e l e m e n t  fertilizers. 
To c o m p a r e  t h e  a c c u r a c y  a n d  r e l i a b i l i t y  o f  a r a n g e  of 
t i s s u e  a n d  s o i l  t e s t s  b e i n g  v a r o u s l y  p r o m o t e d  f o r  u s e  to 
f a r m e r s  f o r  t h e  d i a g n o s i s  a n d  p r o g n o s i s  o f  z i n c  a n d  copper 
d e f i c i e n c i e s  i n  w h e a t  c r o p s  o n  W e s t e r n  A u s t r a l i a n  farms. 
B r i e f  d e s c r i p t i o n  o f  work: 
W h e a t  c r o p s ,  w i t h  a n d  w i t h o u t  c o p p e r  a n d  z i n c  f e r t i l i z e r  w i l l  b e  g r o w n  with 
d i f f e r e n t  c o m b i n a t i o n s  o f  n i t r o g e n  a n d  p h o s p h o r u s  f e r t i l i z e r  t o  p r o d u c e  plants 
o f  d i f f e r e n t  s i z e s  a n d  p o t e n t i a l  y i e l d .  Y i e l d  o f  w h o l e  t o p s  a n d  w h e a t  grain 
w i l l  b e  m e a s u r e d  t o g e t h e r  w i t h  t h e  c o p p e r  a n d  z i n c  c o n t e n t  o f  t h e s e  wheat 
p l a n t s .  T h i s  d a t a  w i l l  b e  r e l a t e d  t o  v a r i o u s  s o i l  a n d  t i s s u e  t e s t s  determined 
o n  s a m p l e s  c o l l e c t e d  f r o m  t h e  f i e l d  experithents. 
T h e  p r o j e c t  will: 
( i )  R e l a t e  t h e  v a r i o u s  c o p p e r  a n d  z i n c  r e s p o n s e s  o f  w h e a t  t o  t i s s u e  tests, 
t h e  a m o u n t  o f  c o p p e r  a n d  z i n c  m e a s u r e d  i n  t h e  y o u n g e s t  e x p a n d e d  l e a f  and 
i n  t h e  w h o l e  t o p s  o f  i n d i v i d u a l l y  w e i g h e d  p l a n t s ,  w h i c h  i s  t h e  method 
currently 
applications. 
( i i )  Relate 
tests. 
Procedures: 
u s e d  b y  C . S . B . P .  a n d  F a r m e r s  L t d .  t o  r e c o m m e n d  c o p p e r  a n d  zinc 
t h e  v a r i o u s  c o p p e r  a n d  z i n c  r e s p o n s e s  o f  c e r e a l s  t o  s e v e r a l  soil 
Sampling (1) G e r m i n a t i o n  Counts 
(2) Y o u n g e s t  l e a f  f r o m  4 t h  l e a f  onward 
(3) W h o l e  t o p s  f r o m  4 t h  l e a f  onward 
(4) P l a n t  Weights 
(5) D r y  m a t t e r  production 
(6) H e a d s  f o r  g r a i n  w e i g h t  a n d  g r a i n  analysis 
(7) Yield 
Analysis (1) C o p p e r ,  z i n c  a n d  n i t r o g e n  i n  w h o l e  t o p s  f o r  e a c h  o f  the 
s a m p l i n g  times 
5 
(2) C o p p e r  a n d  z i n c  i n  y o u n g  l e a v e s  f o r  e a c h  s a m p l i n g  time 
(3) C o p p e r  a n d  z i n c  i n  grain 
(4) C o m p l e t e  n u t r i e n t  a n a l y s i s  i n  w h o l e  t o p s  f o r  CSBP 
comparisons. 
-2- 
NITROGEN RATES ON THE MAIN COPPER PLOTS OF THE LONG TERM COPPER R E S I D U A L  TRIAL 
AT NEWDEGATE RESEARCH S T A T I O N  ( 6 6  N 14) 
8 7 N 2 3 / 2 2 4 7  EX 
Aim: T o  d e t e r m i n e  t h e  e f f e c t s  o f  r a t e s  o f  n i t r o g e n  o n  t h e  copper 
s t a t u s  o f  plants. 
L o c a t i o n :  N e w d e g a t e  R e s e a r c h  Station 
S o i l :  Y e l l o w  g r a v e l l y  s a n d y  loam 
S o w n :  J u n e  1 0 ,  1987 
H a r v e s t e d :  D e c e m b e r  1 3 ,  1987 
B a s a l s :  W h e a t  - A r o o n a  a t  5 0  kg/ha 
C u  R a t e s  i n  1967 
P a t  1 5  kg/ha 
S a m p l i n g :  G e r m i n a t i o n  counts 
Y o u n g e s t  l e a v e s  ( Y L )  f r o m  4 t h  l e a f  s t a g e  onwards 
W h o l e  t o p s  f r o m  4 t h  l e a f  s t a g e  onwards 
D r y  m a t t e r  p r o d u c t i o n  4 t h  l e a f  s t a g e  onwards 
H e a d s  - g r a i n  weight 
Yield 
Analysis: C o p p e r  a n d  N i t r o g e n  i n  w h o l e  t o p s  f o r  e a c h  s a m p l i n g  time 
C o p p e r  i n  Y . L .  f o r  e a c h  s a m p l i n g  time 
C o p p e r  i n  g r a i n  f r o m  h e a d  sampling 
C o m p l e t e  n u t r i e n t  a n a l y s i s  w h o l e  t o p s  f o r  C S B P  c o m p a r i s o n s  versus 
t h e  y o u n g e s t  l e a f  method. 
T a b l e  1 .  G r a i n  y i e l d s  ( k g / h a )  (13/12/87) 
M a i n  p l o t  U r e a  r a t e s  (kg/ha) 
C u  T R  ( 1 9 6 7 )  4 0  8 0  160 240 
N i l  8 9 3  7 5 9  6 4 7  513 
0 . 7 0  1 , 3 8 8  1 , 4 7 3  1 , 5 6 3  1,643 
2 . 7 5  + 0 . 1 2 5  YRLY 1 , 5 1 8  1 , 7 8 6  1 , 9 8 7  2,165 
T a b l e  2 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  f i r s t  s a m p l i n g  ( 3 / 8 / 8 7 )  (Z.15.5) 
M a i n  p l o t  U r e a  (kg/ha) 
C u  T R S  4 0  8 0  160 240 
N i l  1 6 5  1 7 7  1 8 6  190 
0 . 7  1 7 1  1 6 9  1 7 5  177 
2 . 7 5  + 1 / 8  YRLY 1 4 9  1 5 7  1 8 3  189 
-3- 
T a b l e  3 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  ( 2 4 / 8 / 8 7 )  (231) 
M a i n  plot 
Cu treatments 
U r e a  rates 
4 0  80 
(kg/ha) 
160 240 
Nil 6 6 8  751 764 802 
0.7 6 8 5  766 770 826 
2 . 7 5  + 1 / 8  YRLY 6 9 7  808 853 929 
NB: No c h e m i c a l  d a t a  back 
T a b l e  4 .  P l a n t  weights ( g / p l a n t )  a t  2 4 / 8 / 8 7  (Z31) 
M a i n  plot U r e a  rates (kg/ha) 
Cu treatments 4 0  80 160 240 
Nil 0 . 7 9  0.90 0.91 0.95 
0.7 0 . 8 1  0.88 0.91 0.96 
2 . 7 5  + 1 / 8  YRLY 0 . 8 5  0.96 1.01 1.10 
T a b l e  5 .  P l a n t  weights ( g / p l a n t )  a t  8 / 9 / 8 7  (Z37) 
M a i n  plot U r e a  rates (kg/ha) 
Cu treatments 4 0  80 160 240 
Nil 1 . 3 0  1.33 1.34 1.43 
0.7 1 . 3 1  1.36 1.66 1.64 
2 . 7 5  + 1 / 8  YRLY 1 . 2 7  1.45 1.78 2.00 
T a b l e  6 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  o n  8 / 9 / 8 7  (Z37) 
M a i n  p l o t  U r e a  r a t e s  (kg/ha) 
Cu t r e a t m e n t s  4 0  80  160 240 
Nil 1,098 1,115 1,129 1,205 
0.7 1,107 1,152 1,397 1,387 
2 . 7 5  + 1 / 8  YRLY 1,071 1,222 1,504 1,692 
-4- 
T a b l e  7 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  ( 2 1 / 9 / 8 7 )  (250) 
M a i n  plot 
Cu treatments 40 
U r e a  r a t e s  (kg/ha) 
80 160 240 
Nil 
0.7 













NB: No c h e m i c a l  d a t a  back 
T a b l e  8 .  P l a n t  w e i g h t s  (g/plant) a t  2 1 / 9 / 8 7  (Z50) 
M a i n  plot 
Cu treatments 40 
U r e a  r a t e s  (kg/ha) 
80  160 240 
Nil 
0.7 













T a b l e  9 .  P l a n t  weights (g/plant) a t  5 / 1 0 / 8 7  (Z64) 
M a i n  plot 
Cu treatments 40 
U r e a  r a t e s  (kg/ha) 
80  160 240 
Nil 
0.7 













T a b l e  1 0 .  D r y  m a t t e r  production ( k g / h a )  a t  5 / 1 0 / 8 7  (Z64) 
M a i n  p l o t  U r e a  r a t e s  (kg/ha) 
Cu t r e a t m e n t s  4 0  80  160 240 
Nil 2,995 3,014 3,224 2,814 
0.7 3,054 3,494 3,944 4,247 
2 . 7 5  + 1 / 8  YRLY 3,883 4,428 4,464 5,034 
-5- 
E F F E C T S  OF RATES OF NITROGEN ON THE COPPER AND Z I N C  CONCENTRATION AND GRAIN 
Y I E L D  OF WHEAT PLANTS GROWN ON OLD LAND ( p r e v i o u s  c o p p e r ,  z i n c  h i s t o r y  known) 
8 7 L G 3 3 / 2 2 4 7  EX 
Aim: T o  e x a m i n e  t h e  p o s s i b i l i t y  o f  r a t e s  o f  n i t r o g e n  i n d u c i n g  copper 
a n d  z i n c  d e f i c i e n c y  i n  wheat. 
L o c a t i o n :  L .  S l a k e ;  L a k e  Grace 
S o i l :  B r o w n  s a n d y  l o a m / P a l e  o r a n g e  s a n d y  c l a y  a t  3 0  cm 
S o w n :  J u n e  1 2 ,  1987 
H a r v e s t e d :  N o v e m b e r  2 7 ,  1987 
B a s a l s :  M i l l e w a  w h e a t  5 2  kg/ha 
P a t  2 0  kg/ha 
Mo 8 0  g/ha 
N o  T . E . ' s  s i n c e  m i d  1960s 








1 . 5  Cu 
0 Cu 

























Table 12. P l a n t  weights (g/plant) a t  f i r s t  s a m p l i n g  3 / 8 / 8 7  (Z16.5) 
T.E. TRS Urea (kg/ha) 
0 50 100 200 
0 Cu 0 Zn 0.18 0.25 0.29 0.38 
1 . 5  Cu 0 Zn 0.18 0.29 0.35 0.36 
0 Cu 0.7 Zn 0.15 0.28 0.31 0.33 
1 . 5  Cu 0.7 Zn 0.19 0.27 0.34 0.37 
-6- 
T a b l e  13. D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  a t  3/8/87 (216.5) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50 100 200 
0 Cu 0 Zn 325 458 545 702 
1 . 5  Cu 0 Zn 296 528 641 675 
0 Cu 0.7 Zn 286 517 573 618 
1 . 5  Cu 0.7 Zn 360 493 624 679 
T a b l e  14. P l a n t  weights (g/plant) at 2 5 / 8 / 8 7  (Z32) 
T . E .  TRS Urea (kg/ha) 
0 50 100 200 
0 Cu 0 Zn 0.32 0.53 0.69 0.86 
1 . 5  Cu 0 Zn 0.38 0.53 0.63 0.88 
0 Cu 0.7 Zn 0.37 0.52 0.61 0.86 
1 . 5  Cu 0.7 Zn 0.38 0.55 0.65 0.81 
T a b l e  15. D r y  m a t t e r  p r o d u c t i o n  (kg/ha) 2 5 / 8 / 8 7  (Z32) 
T . E .  TRS 
0 50 
U r e a  (kg/ha) 
100 200 
0 Cu 0 Zn 484 795 1,047 1,295 
1.5 Cu 0 Zn 566 802 956 1,325 
0 Cu 0.7 Zn 551 778 925 1,294 
1.5 Cu 0.7 Zn 573 830 979 1,219 
T a b l e  1 6 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  a t  7 / 9 / 8 7  (Z39) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50  100 200 
0 Cu 0 Zn 872 1,394 1,966 1,985 
1.5 Cu  0 Zn 897 1,372 1,957 2,244 
0 Cu 0.7 Zn 913 1,401 1,700 2,122 
1.5 Cu 0.7 Zn 829 1,288 1,964 2,280 
-7- 
T a b l e  1 7 .  P l a n t  w e i g h t s  ( g / p l a n t )  a t  7 / 9 / 8 7  (Z39) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50  100 200 
0 Cu 0 Zn 
1 . 5  Cu 0 Zn 
0 Cu 0 . 7  Zn 

















T a b l e  1 8 .  P l a n t  w e i g h t s  ( g / p l a n t )  a t  2 2 / 9 / 8 7  (Z57) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50  100 200 
0 Cu  0 Zn 
1 . 5  Cu 0 Zn 
0 Cu 0 . 7  Zn 













T a b l e  1 9 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  a t  2 2 / 9 / 8 7  (Z57) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50  100 200 
0 Cu 0 Zn 
1 . 5  Cu 0 Zn 
0 Cu 0 . 7  Zn 

















T a b l e  2 0 .  P l a n t  w e i g h t s  ( g / p l a n t )  a t  6/10/87(Z69) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50 100 200 
0 Cu  0 Zn 
1 . 5  Cu  0 Zn 
0 Cu 0 . 7  Zn 


















T a b l e  2 1 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  a t  6 / 1 0 / 8 7  (Z69) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50 100 200 
0 Cu 0 Zn 2,280 3,180 3,854 4,213 
1.5 Cu 0 Zn 2,427 2,969 4,035 4,077 
0 Cu 0.7 Zn 2,097 3,109 3,925 4,234 
1.5 Cu 0.7 Zn 2,204 3,101 3,963 4,110 
-9- 
E F F E C T S  OF RATES OF NITROGEN ON THE COPPER AND Z I N C  CONCENTRATION AND GRAIN 
Y I E L D  OF WHEAT PLANTS GROWN ON OLD LAND 
8 7 L G 3 4 / 2 2 4 7  EX 
Aim: T o  e x a m i n e  t h e  p o s s i b i l i t y  o f  r a t e s  o f  n i t r o g e n  i n d u c i n g  copper 
a n d  z i n c  d e f i c i e n c y  i n  wheat. 
L o c a t i o n :  I .  C h a m b e r l a i n ,  N . E .  Newdegate 
Soil: Y e l l o w  b r o w n  s a n d / y e l l o w  l o a m y  s a n d  a t  1 5  c m ,  g r a v e l  a n d  clay 
i n c r e a s i n g  b e l o w  3 0  cm. 
S o w n :  J u n e  1 8 ,  1987 
H a r v e s t e d :  D e c e m b e r  3 ,  1987 
B a s a l s :  G u t h a  5 0  kg/ha 
P a t  1 8  kg/ha 
Mo 8 0  g/ha 
C u ,  Z n  i n  1977 








1 . 5  Cu 
0 Cu 

























Table 23. P l a n t  weights (g/plant) a t  4 / 8 / 8 7  (Z15) 
T.E. TRS , Urea (kg/ha) 
0 50 100 200 
0 Cu 0 Zn 0.09 0.11 0.14 ° 0.15 
1 . 5  Cu 0 Zn 0.09 0.12 0.14 0.15 
0 Cu 0.7 Zn 0.09 0.12 0.15 0.15 
1 . 5  Cu 0.7 Zn 0.09 0.12 0.15 0.15 
-10- 
T a b l e  24. D r y  m a t t e r  p r o d u c t i o n  (kg/ha) o n  4 / 8 / 8 7  (Z15) 






0 Cu 0 
1 . 5  Cu  0 
0 Cu 0.7 





















T a b l e  25. D r y  m a t t e r  p r o d u c t i o n  (kg/ha) o n  24/8/87 (Z30) 
T . E .  TRS Urea (kg/ha) 
0 50 100 200 
0 Cu  0 Zn 288 522 584 701 
1 . 5  Cu 0 Zn 353 564 585 595 
0 Cu  0.7 Zn 351 542 617 621 
1 . 5  Cu  0.7 Zn 300 599 641 647 
T a b l e  26. P l a n t  weights ( g / p l a n t )  a t  2 4 / 8 / 8 7  (Z30) 
T . E .  TRS Urea (kg/ha) 
0 50 100 200 
0 Cu  0 Zn 0.26 0.47 0.53 0.63 
1 . 5  Cu 0 Zn 0.32 0.51 0.53 0.54 
0 Cu  0.7 Zn 0.32 0.49 0.56 0.56 
1 . 5  Cu  0.7 Zn 0.27 0.54 0.58 0.58 
T a b l e  27. P l a n t  weights ( g / p l a n t )  a t  7 / 9 / 8 7  (Z43) 
T . E .  TRS Urea (kg/ha) 
0 50 100 200 
0 Cu  0 Zn 0.48 0.95 1.18 1.33 
1 . 5  Cu 0 Zn 0.59 0.94 1.18 1.36 
0 Cu  0.7 Zn 0.58 0.96 1.16 1.34 
1 . 5  Cu 0.7 Zn 0.56 0.90 1.17 1.34 
-11- 
T a b l e  2 8 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  a t  7 / 9 / 8 7  (Z43) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50 100 200 
0 Cu 0 Zn 536 1,055 1,306 1,475 
1 . 5  Cu 0 Zn 651 1,040 1,306 1,504 
0 Cu  0.7 Zn 638 1,066 1,286 1,484 
1 . 5  Cu 0.7 Zn 615 999 1,301 1,485 
T a b l e  29. P l a n t  weights ( g / p l a n t )  a t  2 1 / 9 / 8 7  (Z58) 
T . E .  TRS Urea (kg/ha) 
0 50 100 200 
0 Cu 0 Zn 1.43 2.44 2.66 2.95 
1 . 5  Cu 0 Zn 1.51 2.49 2.84 2.95 
0 Cu 0.7 Zn 1.46 2.31 2.52 2.74 
1 . 5  Cu  0.7 Zn 1.43 2.57 2.83 3.10 
T a b l e  30. D r y  m a t t e r  p r o d u c t i o n  (kg/ha) a t  21/9/87 (Z58) 
T . E .  TRS Urea (kg/ha) 
0 50 100 200 
0 Cu 0 Zn 
1 . 5  Cu 0 Zn 
0 Cu 0 . 7  Zn 

















T a b l e  3 1 .  P l a n t  w e i g h t s  ( g / p l a n t )  a t  5 / 1 0 / 8 7  (Z67) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50 100 200 
0 Cu 0 Zn 3.25 4.20 '4.55 4.79 
1.5 Cu 0 Zn 3.70 4.67 4.76 5.02 
0 Cu  0.7 Zn 3.04 4.06 4.62 4.74 
1.5 Cu  0.7 Zn 3.45 4.63 4.80 5.10 
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T a b l e  3 2 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  a t  5 / 1 0 / 8 7  (Z67) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50 100 200 
0 Cu 0 Zn 4,201 5,418 5,818 6,180 
1.5 Cu 0 Zn 4,779 6,035 6,143 6,480 
0 Cu 0.7 Zn 3,925 5,239 5,966 6,124 
1.5 Cu 0.7 Zn 4,454 5,979 6,200 6,587 
-13- 
RESIDUAL VALUE OF COPPER, ZINC AND SULPHUR WITH HIGH ANALYSIS NITROGEN AND 
PHOSPHORUS FERTILIZER UNDER CONTINUOUS CROPPING SITUATION 
8 6 L G 3 4 / 2 2 4 7  EX 
Aim: To  d e t e r m i n e  t h e  d e c l i n e  i n  e f f e c t i v e n e s s  o f  c o p p e r ,  z i n c  and 
s u l p h u r  o n  t h i s  s o i l  t y p e s  u s i n g  DAP. 
L o c a t i o n :  J .  R i n t o u l ,  S o u t h  Newdegate 
S o i l :  Y e l l o w - b r o w n  S a n d y  Loam 
Sown:  J u n e  5 ,  1987 
H a r v e s t e d :  D e c e m b e r  3 ,  1987 
B a s a l s :  A r o o n a  w h e a t  52 kg/ha 
N a t  2 2 . 5  kg/ha 
Mo 80  g / h a  (86) 
T a b l e  3 3 .  G r a i n  y i e l d  a n d  d r y  m a t t e r  production 
TRS G r a i n  yield 
(kg/ha) 
D r y  m a t t e r  p r o d u c t i o n  at: 
7 / 9 / 8 7  ( Z 4 6 )  2 2 / 9 / 8 7  (Z62) 
( k g / h a )  (kg/ha) 
DAP only 1,057 1,698 3,926 
N i l  Cu 1,671 2,309 4,547 
Cu ( 1 . 5 )  86 1,775 2,261 4,402 
N i l  Zn 1,103 1,834 3,309 
Zn  ( 0 . 7 )  86 1,944 2,163 4,396 
Zn  ( 0 . 7 )  87 2,114 2,393 4,498 
N i l  S 1,767 2,218 3,822 
S ( 2 8 )  86 1,852 2,077 4,234 
Super-Agran 1,921 2,363 4,574 
S u p e r - A g r a n  C u  (86) 2,079 2,275 4,421 
S u p e r - A g r a n  Z n  (86) 1,910 2,218 4,481 
S u p e r - A g r a n  Cu Zn  (86) 2,068 2,146 4,636 
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E F F E C T S  OF RATES OF NITROGEN ON COPPER CONCENTRATIONS,  DRY MATTER PRODUCTION 
AND GRAIN Y I E L D  OF WHEAT GROWN ON A RESIDUAL COPPER TRIAL 
6 7 E 8 / 2 2 4 7  EX 
Aim: T h e  t r i a l  w a s  o r i g i n a l l y  d e s i g n e d  t o  m e a s u r e  t h e  residual 
e f f e c t i v e n e s s  o f  r a t e s  o f  c o p p e r  f e r t i l i z e r  d r i l l e d  i n  1967. 
L o c a t i o n :  E s p e r a n c e  D o w n  R e s e a r c h  Station 
S o i l :  C a i t u p  g r a v e l l y  sand 
S o w n :  J u n e  1 1 ,  1987 
H a r v e s t e d :  D e c e m b e r  2 3 ,  1987 
B a s a l s :  S u p e r  1 9 0  kg/ha 
A r o o n a  5 0  kg/ha 
N i t r o g e n  T . D .  10/7/87 
T a b l e  3 4 .  G r a i n  y i e l d  (kg/ha) 
TRS 
0 
U r e a  (kg/ha) 
5 0  100 200 
1 .  N i l  C u  1 , 7 8 8  1 , 5 3 8  1 , 0 7 5  750 
2 .  C u  S O 4  1 . 1  k g / h a  1 , 9 1 3  1 , 7 2 5  1 , 4 1 3  950 
3 .  C u  S O 4  2 . 2  k g / h a  2 , 1 1 3  1 , 9 7 5  1 , 6 7 5  1,225 
4 .  C u  S O 4  4 . 4  k g / h a  2 , 3 2 5  2 , 5 1 3  2 , 2 7 5  1,625 
5 .  C u  S O 4  8 . 8  k g / h a  2 , 3 6 3  2 , 4 6 3  2 , 3 8 8  2,475 
T a b l e  3 5 .  P l a n t  w e i g h t s  ( g / p l a n t )  a t  2 7 / 7 / 8 7  (Z14.5) 
TRS 
0 
U r e a  (kg/ha) 
5 0  100 200 
1 .  N i l  Cu 
2 .  C u  S O 4  1 . 1  kg/ha 
3 .  C u  SO4 2 . 2  kg/ha 
4 .  C u  SO4 4 . 4  kg/ha 






















T a b l e  36. D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  at 2 7 / 7 / 8 7  (Z14.5) 
TRS 
0 
U r e a  (kg/ha) 
50 100 200 
1. Nil Cu 174 181 185 186 
2. Cu SO4 1.1 kg/ha 185 182 192 195 
3. Cu SO4 2.2 kg/ha 182 191 193 192 
4. Cu SO4 4.4 kg/ha 178 182 195 186 
5. Cu SO4 8.8 kg/ha 190 193 192 194 
T a b l e  37. P l a n t  w e i g h t s  ( g / p l a n t )  a t  1 4 / 8 / 8 7  (Z16.5) 
TRS U r e a  (kg/ha) 
0 50 100 200 
1. Ni]. Cu 0.43 0.48 0.58 0.56 
2. Cu SO4 1.1 kg/ha 0.39 0.46 0.53 0.59 
3. Cu SO4 2.2 kg/ha 0.47 0.50 0.53 0.57 
4. Cu SO4 4.4 kg/ha 0.43 0.52 0.56 0.61 
5. Cu SO4 8.8 kg/ha 0.48 0.55 0.56 0.66 
T a b l e  38. D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  at 1 4 / 8 / 8 7  (Z16.5) 
TRS U r e a  (kg/ha) 
0 50 100 200 
1. Nil Cu 517 571 690 673 
2. Cu SO4 1.1 kg/ha 470 552 640 708 
3. Cu SO4 2.2 kg/ha 565 603 635 679 
4. Cu SO4 4.4 kg/ha 518 626 677 736 
5. Cu SO4 8.8 kg/ha 574 660 673 793 
T a b l e  39. P l a n t  w e i g h t s  ( g / p l a n t )  a t  2 8 / 8 / 8 7  (Z32) 
TRS U r e a  (kg/ha) 
0 50 100 200 
1. Nil Cu 0.80 0.95 1.05 1.20 
2. Cu SO4 1.1 kg/ha 0.70 0.93 1.02 1.14 
3. Cu SO4 2.2 kg/ha 0.83 1.00 1.19 1.28 
4. Cu SO4 4.4 kg/ha 0.73 1.02 1.20 1.34 
5. Cu SO4 8.8 kg/ha 0.78 1.05 1.25 1.36 
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T a b l e  4 0 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  a t  2 8 / 8 / 8 7  (Z32) 
TRS 
0 
U r e a  (kg/ha) 
50 100 200 
1 .  N i l  Cu 962  1 , 1 4 9  1 , 2 7 0  1,453 
2 .  Cu SO4 1 . 1  k g / h a  912  1 , 1 2 5  1 , 2 3 4  1,375 
3 .  Cu SO4 2 . 2  k g / h a  9 9 5  1 , 2 0 7  1 , 4 3 1  1,537 
4 .  Cu SO4 4 . 4  k g / h a  8 7 5  1 , 2 2 6  1 , 4 4 7  1,615 
5 .  Cu SO4 8 . 8  k g / h a  9 4 6  1 , 2 6 6  1 , 5 0 3  1,641 
T a b l e  4 1 .  P l a n t  w e i g h t s  ( g / p l a n t )  a t  1 1 / 9 / 8 7  (Z40) 
TRS 
0 
U r e a  (kg/ha) 
50  100 200 
1 .  N i l  Cu 
2 .  Cu SO4 1 . 1  kg/ha 
3 .  Cu SO4 2 . 2  kg/ha 
4 .  Cu SO4 4 . 4  kg/ha 





















T a b l e  4 2 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  a t  1 1 / 9 / 8 7  (Z40) 
TRS U r e a  (kg/ha) 
50  100 200 
1 .  N i l  Cu 
2 .  Cu SO4 1 . 1  kg/ha 
3 .  Cu SO4 2 . 2  kg/ha 
4 .  Cu SO4 4 . 4  kg/ha 





















T a b l e  4 3 .  P l a n t  w e i g h t s  ( g / p l a n t )  a t  2 5 / 9 / 8 7  (Z61) 
TRS 
0 
U r e a  (kg/ha) 
50  100 200 
1 .  N i l  Cu 
2 .  Cu SO4 1 . 1  kg/ha 
3 .  Cu SO4 2 . 2  kg/ha 
4 .  Cu SO4 4 . 4  kg/ha 






















T a b l e  4 4 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  a t  2 5 / 9 / 8 7  (Z61) 
TRS U r e a  (kg/ha) 
0 50 100 200 
1. Nil Cu 2,967 3,189 3,594 3,736 
2. Cu SO4 1.1 kg/ha 3,048 3,358 3,636 3,710 
3. Cu SO4 2.2 kg/ha 3,098 3,449 3,784 3,816 
4. Cu SO4 4.4 kg/ha 3,257 3,590 3,854 3,914 
5. Cu SO4 8.8 kg/ha 3,123 3,748 3,883 3,993 
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E F F E C T  O F  NITROGEN RATES ON THE COPPER CONCENTRATION, DRY MATTER PRODUCTION 
AND GRAIN Y I E L D  OF WHEAT GROWN ON A RESIDUAL COPPER TRIAL 
6 7 E 9 / 2 2 4 7  EX 
Aim: T h e  t r i a l  w a s  o r i g i n a l l y  d e s i g n e d  t o  m e a s u r e  t h e  residual 
e f f e c t i v e n e s s  o f  r a t e s  o f  c o p p e r  s u l p h a t e  d r i l l e d  i n  1967. 
L o c a t i o n :  E s p e r a n c e  D o w n  R e s e a r c h  Station 
S o i l :  F l e m i n g  g r e y  sand/gravel 
S o w n :  J u n e  1 1 ,  1987 
H a r v e s t e d :  D e c e m b e r  2 1 ,  1987 
B a s a l s :  S u p e r  1 9 0  kg/ha 
A r o o n a  5 0  kg/ha 
T a b l e  4 5 .  G r a i n  y i e l d  (kg/ha) 
TRS 
0 
U r e a  (kg/ha) 
5 0  100 200 
1 .  N i l  C u  2 , 2 2 7  1 , 9 0 7  1 , 7 0 7  1,267 
2 .  C u  S O 4  4 . 4  k g / h a  ( 1 9 7 6 )  2 , 7 4 7  2 , 9 8 7  3 , 1 0 7  3,333 
3 .  C u  S O 4  1 . 1  k g / h a  2 , 5 8 7  2 , 3 5 6  2 , 2 6 7  2,227 
4 .  C u  SO4 2 . 2  k g / h a  2 , 6 2 7  2 , 4 2 7  2 , 3 4 7  2,227' 
5 .  C u  S O 4  4 . 4  k g / h a  2 , 7 0 7  3 , 0 5 3  3 , 1 6 0  3,267 
6 .  C u  S O 4  8 . 8  k g / h a  2 , 8 1 3  3 , 0 6 7  3 , 0 9 3  3,241 
7 .  C u  SO4 5 . 2 3  k g / h a  ( T o t a l )  2 , 5 2 0  2 , 9 3 3  3 , 0 0 0  3,040 
8 .  C u  SO4 6 . 0  k g / h a  ( T o t a l )  2 , 7 0 7  2 , 9 3 3  3 , 0 9 3  3,143 







1. Nil Cu 99 111 102 
2. Cu SO4 4.4 kg/ha (1976) 95 105 106 
3. Cu SO4 1.1 kg/ha 90 109 100 
4. Cu SO4 2.2 kg/ha 96 107 107 
5. Cu SO4 4.4 kg/ha 97 107 114 
6. Cu SO4 8.8 kg/ha 96 111 107 
7. Cu SO4 5.23 kg/ha (Total) 100 105 106 


















1. Nil Cu 777 802 800 
2. Cu SO4 4.4 kg/ha (1976) 748 785 814 
3. Cu SO4 1.1 kg/ha 752 776 799 
4. Cu SO4 2.2 kg/ha 715 779 868 
5. Cu SO4 4.4 kg/ha 708 797 860 
6. Cu SO4 8.8 kg/ha 782 808 828 
7. Cu SO4 5.23 kg/ha (Total) 705 754 852 










T a b l e  4 8 .  P l a n t  w e i g h t s  ( g / p l a n t )  a t  1 8 / 8 / 8 7  (Z16.5) 
TRS 
0 
U r e a  (kg/ha) 
50  100 200 
1. Nil Cu 
2. Cu SO4 4.4 
3. Cu SO4 1.1 
4. Cu SO4 2.2 
5. Cu SO4 4.4 
6. Cu SO4 8.8 
7. Cu SO4 5.23 
8. Cu SO4 6.0 





k g / h a  (Total) 
































1. Nil Cu 1,903 2,341 2,549 2,850 
2. Cu SO4 4.4 kg/ha (1976) 1,739 2,386 2,603 2,866 
3. Cu SO4 1.1 kg/ha 2,100 2,241 2,548 2,743 
4. Cu SO4 2.2 kg/ha 1,943 2,365 2,779 2,907 
5. Cu SO4 4.4 kg/ha 2,110 2,459 2,556 2,754 
6. Cu SO4 8.8 kg/ha 2,026 2,345 2,589 2,865 
7. Cu SO4 5.23 kg/ha (Total) 1,992 2,478 2,780 2,894 
8. Cu SO4 6.0 kg/ha (Total) 1,671 2,522 2,672 2,926 
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1 .  N i l  Cu 1.52 1.87 2.04 2.28 
2 .  Cu SO4 4 . 4  k g / h a  (1976) 1.39 1.91 2.08 2.29 
3 .  Cu SO4 1 . 1  kg/ha 1.68 1.79 2.04 2.19 
4 .  Cu SO4 2 . 2  kg/ha 1.54 1.89 2.22 2.32 
5 .  Cu SO4 4 . 4  kg/ha 1.69 1.97 2.04 2.20 
6 .  Cu SO4 8 . 8  kg/ha 1.62 1.87 2.07 2.29 
7 .  Cu SO4 5 . 2 3  k g / h a  (Total) 1.59 1.98 2.22 2.31 
8 .  Cu SO4 6 . 0  k g / h a  (Total) 1.34 2.02 2.14 2.34 
T a b l e  51. P l a n t  w e i g h t s  (g/plant) at 14/9/87 (Z43) 
TRS Urea (kg/ha) 
50 100 200 
1 .  N i l  Cu 2.14 2.90 3.13 3.64 
2 .  Cu SO4 4 . 4  k g / h a  (1976) 2.68 2.97 3.33 3.60 
3 .  Cu SO4 1 . 1  kg/ha 2.25 2.67 3.01 3.51 
4 .  Cu SO4 2 . 2  kg/ha 2.17 2.93 3.10 3.61 
5 .  Cu SO4 4 . 4  kg/ha 2.58 2.93 3.33 3.62 
6 .  Cu SO4 8 . 8  kg/ha 2.29 3.10 3.37 3.51 
7 .  Cu SO4 5 . 2 3  k g / h a  (Total) 2.27 2.94 3.49 3.63 
8 .  Cu SO4 6 . 0  k g / h a  (Total) 2.33 3.27 3.46 3.61 
T a b l e  52. D r y  m a t t e r  production ( k g / h a )  at 1 4 / 9 / 8 7  (Z43) 
TRS Urea (kg/ha) 
0 50 100 200 
1. Nil Cu 2,444 3,316 3,576 4,159 
2. Cu SO4 4.4 kg/ha (1976) 3,061 3,400 3,805 4,115 
3. Cu SO4 1.1 kg/ha 2,568 3,052 3,441 4,016 
4. Cu SO4 2.2 kg/ha 2,480 3,353 3,539 4,124 
5. Cu SO4 4.4 kg/ha 2,951 3,351 3,807 4,137 
6. Cu SO4 8.8 kg/ha 2,619 3,542 3,851 4,008 
7. Cu SO4 5.23 kg/ha (Total) 2,595 3,356 3,984 4,154 
8. Cu SO4 6.0 kg/ha (Total) 2,664 3,741 3,960 4,125 
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T a b l e  5 3 .  P l a n t  w e i g h t s  ( g / p l a n t )  a t  3 0 / 9 / 8 7  (Z63) 
TRS 
0 
U r e a  (kg/ha) 
50  100 200 
1 .  N i l  Cu 4.35 5.12 5.28 5.43 
2 .  Cu SO4 4 . 4  k g / h a  (1976) 4.31 5.35 5.50 5.48 
3 .  Cu SO4 1 . 1  kg/ha 4.27 5.15 5.21 5.44 
4 .  Cu  SO4 2 . 2  kg/ha 4.38 5.19 5.48 5.57 
5 .  Cu SO4 4 . 4  kg/ha 4.29 5.22 5.36 5.43 
6 .  Cu SO4 8 . 8  kg/ha 4.33 5.13 5.32 5.38 
7 .  Cu SO4 5 . 2 3  k g / h a  (Total) 4.28 5.16 5.39 5.57 
8 .  Cu SO4 6 . 0  k g / h a  (Total) 4.26 5.20 5.37 5.56 
T a b l e  54. D r y  m a t t e r  p r o d u c t i o n  at 30/9/87 (Z63) 
TRS Urea (kg/ha) 
0 50 100 200 
1. Nil Cu 5,217 6,148 6,337 6,516 
2. Cu SO4 4.4 kg/ha (1976) 5,166 6,421 6,602 6,573 
3. Cu SO4 1.1 kg/ha 5,126 6,181 6,257 6,533 
4. Cu SO4 2.2 kg/ha 5,255 6,229 6,511 6,678 
5. Cu SO4 4.4 kg/ha 5,148 6,258 6,432 6,521 
6. Cu SO4 8.8 kg/ha 5,193 6,153 6,379 6,460 
7. Cu SO4 5.23 kg/ha (Total) 5,133 6,192 6,469 6,680 
8. Cu SO4 6.0 kg/ha (Total) 5,107 6,242 6,445 6,673 
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THE EFFECTS OF RATES OF NITROGEN ON THE COPPER AND ZINC STATUS OF WHEAT PLANTS 
AND GRAIN PRODUCTION 
8 6 E 4 4 / 2 2 4 7  EX 
Aim: To e x a m i n e  t h e  p o s s i b i l i t y  o f  r a t e s  o f  n i t r o g e n  i n d u c i n g  copper 
a n d  z i n c  d e f i c i e n c y  i n  wheat. 
L o c a t i o n :  E s p e r a n c e  Downs R e s e a r c h  Station 
New l a n d  (1986) 
S o i l :  Sand/gravel 
Sown:  J u n e  1 2 ,  1987 
H a r v e s t e d :  D e c e m b e r  1 8 ,  1987 
B a s a l s :  A r o o n a  w h e a t  50 kg/ha 
P a t  24  kg/ha 
Mo 80  g / h a  (1986) 
T a b l e  5 5 .  G r a i n  y i e l d s  (kg/ha) 
T.E. TRS 
0 50 
U r e a  (kg/ha) 
100 200 
Nil 636 1,260 1,448 1,471 
1.5 Cu 800 1,243 1,517 1,888 
0.7 Zn 593 830 1,117 749 
1.5 Cu 0 . 7  Zn 943 1,297 1,448 2,090 
1.5 Cu = 6.0 l g  Cu S O 4 . 5  H20/ha 
0.7 Cu = 1.0 k g  Zn 0/ha 
Table 5 6 .  P l a n t  w e i g h t s  (g/plant) 1 / 9 / 8 7  (Z32) 
T.E. TRS 
0 50 
U r e a  (kg/ha) 
100 200 
Nil 0.39 0.66 0.96 1.03 
1.5 Cu 0.40 0.69 1.01 1.21 
0.7 Zn 0.41 0.71 0.91 1.18 
1.5 Cu 0 . 7  Zn 0.39 0.71 0.96 1.24 
1.5 Cu = 6.0 l g  Cu S O 4 . 5  H20/ha 
0.7 Cu = 1.0 k g  Zn 0/ha 
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T a b l e  57. D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  1 . 9 . 8 7  (Z32) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50 100 200 
Nil 447 749 1,098 1,182 
1 . 5  Cu 457 790 1,151 1,381 
0 . 7  Zn 469 807 1,039 1,351 
1 . 5  Cu 0.7 Zn 450 815 1,098 1,422 
T a b l e  58. D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  1 5 . 9 . 8 7  (Z42) 
T . E .  TRS U r e a  (kg/ha) 
0 50 100 200 
Nil 621 1,120 1,635 1,719 
1 . 5  Cu 484 1,232 1,719 1,903 
0 . 7  Zn 493 1,335 1,547 1,765 
1 . 5  Cu 0.7 Zn 594 1,312 1,713 2,030 
T a b l e  59. D r y  w e i g h t  ( g / p l a n t )  1 5 . 9 . 8 7  (Z42) 
T . E .  TRS U r e a  (kg/ha) 
0 50 100 200 
Nil 0.54 0.98 1.43 1.50 
1 . 5  Cu 0.42 1.08 1.50 1.66 
0 . 7  Zn 0.43 1.17 1.35 1.54 
1 . 5  C u  0.7 Zn 0.52 1.16 1.50 1.78 
T a b l e  60. P l a n t  weights (g/plant) 1 / 1 0 / 8 7  (Z61) 
T . E .  TRS U r e a  (kg/ha) 
0 50 100 200 
Ni]. 1.24 2.00 2.25 2.45 
1 . 5  Cu 1.24 2.15 2.79 3.30 
0 . 7  Zn 0.93 1.80 2.29 2.40 
1 . 5  Cu 0.7 Zn 1.44 2.24 2.86 3.37 
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T a b l e  6 1 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  1 / 1 0 / 8 7  (Z61) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50 100 200 
N i l  1 , 2 0 9  1 , 9 4 3  2 , 1 9 0  2,380 
1 . 5  Cu 1 , 2 0 8  2 , 0 8 6  2 , 7 0 6  3,207 
0 . 7  Zn 903  1 , 7 4 5  2 , 2 4 5  2,330 
1 . 5  Cu 0 . 7  Zn 1 , 4 0 2  2 , 1 6 2  2 , 7 8 1  3,277 
D a t a  f o r  s a m p l i n g  t i m e s  o n e  ( Z 1 4 )  a n d  t w o  ( Z 1 6 . 5 )  o n  t h e  7 / 8 / 8 7  a n d  the 
2 0 / 8 / 8 7  r e s p e c t i v e l y  a r e  n o t  presented. 
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THE E F F E C T  OF RATES OF NITROGEN ON THE COPPER AND Z I N C  CONCENTRATION AND GRAIN 
Y I E L D  OF WHEAT PLANTS 
8 7 J E 2 1 / 2 2 4 7  EX 
Aim: T o  e x a m i n e  t h e  p o s s i b i l i t y  o f  r a t e s  o f  n i t r o g e n  i n d u c i n g  copper 
a n d  z i n c  d e f i c i e n c y  i n  wheat. 
L o c a t i o n :  L .  H i l l  ( W e s t  River) 
Soil: G r e y  g r a v e l l y  s a n d y  l o a m / l i g h t  o r a n g e  s a n d y  c l a y ,  gravel 
i n c r e a s i n g  i n  s i z e  a n d  a m o u n t  d o w n  profile. 
S o w n :  J u n e  2 ,  1987 
H a r v e s t e d :  D e c e m b e r  2 ,  1987 
B a s a l s :  J a c u p  w h e a t  5 0 . 0  kg/ha 
P h o s p h o r u s  1 8  kg/ha 
M o l y b d e n u m  8 0  kg/ha 
T . E .  ( C u  Z n )  1 9 7 2  a t  u n k n o w n  rate 
T a b l e  6 2 .  G r a i n  y i e l d  (kg/ha) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
5 0  100 200 
N i l  2 , 1 3 5  1 , 8 1 0  2 , 0 1 6  1,667 
1 . 5  C u  2 , 9 2 1  2 , 9 8 4  2 , 9 7 6  3,063 
0 . 7  Z n  2 , 1 9 8  1 , 8 8 9  1 , 7 3 0  1,484 
1 . 5  C u  0 . 7  Z n  2 , 9 1 3  3 , 2 4 6  2 , 9 6 0  2,810 
N B :  1 . 5  C u  = 6 . 0  k g  C u  S O 4  5 H20/ha 
0 . 7  C u  = 1 . 0  k g  Z n  0/ha 
C o p p e r  d e f i c i e n c y  s y m p t o m s  o b s e r v e d  d u r i n g  season. 
T a b l e  6 3 .  P l a n t  weights (g/plant) 2 5 / 8 / 8 7  (Z31) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50 100 200 
Nil 0.91 0.95 1.08 1.14 
1 . 5  Cu 0.94 1.20 1.24 1.24 
0 . 7  Zn 0.69 0.95 1.02 1.17 
1 . 5  C u  0 . 7  Zn 0.94 1.12 1.24 1.25 
N B :  1 . 5  C u  = 6 . 0  k g  C u  S O 4  5 H20/ha 
0 . 7  C u  = 1 . 0  k g  Z n  0/ha 
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T a b l e  6 4 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  2 5 / 8 / 8 7  (Z31) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50 100 200 
N i l  8 7 0  903  1 , 0 3 3  1,087 
1 . 5  Cu 8 9 4  1 , 1 4 1  1 , 1 8 4  1,188 
0 . 7  Zn  6 5 5  902  977  1,137 
1 . 5  Cu 0 . 7  Zn 897  1 , 0 7 0  1 , 1 8 7  1,197 
T a b l e  6 5 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  9 / 9 / 8 7  (Z37) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50  100 200 
N i l  1 , 6 9 5  1 , 8 0 7  1 , 8 5 9  1,941 
1 . 5  Cu 2 , 0 6 0  2 , 5 3 6  2 , 5 7 4  2,635 
0 . 7  Zn 1 , 6 3 1  1 , 7 3 3  1 , 8 2 5  1,917 
1 . 5  Cu 0 . 7  Zn  2 , 0 5 1  2 , 4 3 0  2 , 6 4 9  2,650 
T a b l e  6 6 .  P l a n t  w e i g h t s  ( g / p l a n t )  9 / 9 / 8 7  (Z37) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50 100 200 
N i l  1 . 7 8  1 . 8 9  1 . 9 5  2.03 
1 . 5  Cu 2 . 1 6  2 . 6 6  2 . 7 0  2.76 
0 . 7  Zn  1 . 7 1  1 . 8 2  1 . 9 1  2.01 
1 . 5  Cu 0 . 7  Zn  2 . 1 5  2 . 5 5  2 . 7 8  2.78 
T a b l e  6 7 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  2 3 / 9 / 8 7  (Z57) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50 100 200 
N i l  3 , 1 9 2  3 , 6 0 8  3 , 9 7 8  4,302 
1 . 5  Cu 3 , 7 0 0  4 , 6 4 5  5 , 2 0 7  5,557 
0 . 7  Zn  3 , 3 5 3  3 , 6 6 7  3 , 9 6 4  4,187 
1 . 5  Cu 0 . 7  Zn  3 , 7 3 1  4 , 5 1 7  5 , 2 1 2  5,905 
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T a b l e  6 8 .  P l a n t  weights ( g / p l a n t )  2 3 / 9 / 8 7  (Z57) 
T . E .  TRS U r e a  (kg/ha) 
0 50 100 200 
Nil 3 . 3 4  3.78 4.17 4.51 
1 . 5  Cu 3 . 8 8  4.87 5.46 5.82 
0 . 7  Zn 3 . 5 1  3.84 4.15 4.39 
1 . 5  Cu 0 . 7  Zn 3 . 9 1  4.73 5.46 6.19 
T a b l e  6 9 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  6 / 1 0 / 8 7  (Z67) 
T . E .  TRS U r e a  (kg/ha) 
0 50 100 200 
Nil 4 , 3 3 2  4,810 5,470 4,980 
1 . 5  Cu 4 , 9 5 2  5,603 6,512 6,726 
0 . 7  Zn 4 , 1 5 6  4,807 5,037 5,541 
1 . 5  Cu 0 . 7  Zn 4 , 7 6 5  5,963 6,465 6,835 
T a b l e  7 0 .  P l a n t  weights ( g / p l a n t )  6 / 1 0 / 8 7  (Z67) 
T . E .  TRS U r e a  (kg/ha) 
0 50 100 200 
Nil 4 . 5 4  5.04 5.73 5.22 
1 . 5  Cu 5 . 1 9  5.87 6.82 7.05 
0 . 7  Zn 4 . 3 6  5.04 5.27 5.81 
1 . 5  Cu  0 . 7  Zn 4 . 9 9  6.25 6.77 7.16 
D a t a  f r o m  s a m p l i n g  t i m e  1 ( Z 1 4 )  a n d  t i m e  2 ( Z 1 6 . 5 )  a r e  n o t  presented. 
C h e m i c a l  d a t a  i n c o m p l e t e  a t  t h i s  time. 
-28- 
THE EFFECTS OF RATES OF NITROGEN ON THE ZINC STATUS AND OF WHEAT PLANTS GROWN 
ON NEWLAND 
8 7 J E 3 4 / 2 2 4 7  EX 
Aim:  To m e a s u r e  t h e  e f f e c t s  o f  DAP a n d  h i g h  n i t r o g e n  r a t e s  o n  the 
s e v e r i t y  o f  z i n c  d e f i c i e n c y  o f  w h e a t  g r o w n  o n  t h i s  n e w l a n d  site. 
L o c a t i o n :  L .  H i l l ;  O l d  O n g e r u p  Road 
W. River 
S o i l :  C o a r s e  b r o w n  s a n d  w i t h  g r a v e l  a t  1 5  c m / y e l l o w  c l a y  a t  30  cm. 
Sown:  May 2 7 ,  1987 
H a r v e s t e d :  N o v e m b e r  2 3 ,  1987 
B a s a l s :  E r a d u  w h e a t  50 kg/ha 
P h o s p h o r u s  30  kg/ha 
C o p p e r  1 . 5  kg/ha 
MO 80  g/ha 
S 24  kg/ha 
T a b l e  7 1 .  G r a i n  y i e l d  (kg/ha) 
TRS 0 




A e r o p h o s  1,516 1,690 1,802 2,024 
A e r o p h o s  + 27 N 1,992 2,310 2,564 2,913 
A e r o p h o s  + 69 N 1,857 2,587 2,825 2,849 
DAP ( 2 7  N * )  2,389 2,778 2,839 3,011 
DAP + 4 2  N ( 6 9  N*)  1,563 2,881 3,034 3,095 
A g r a s  ( 2 7  N*) 2,746 2,873 2,944 3,127 
A g r a s  + 4 2  N ( 6 9  N*)  2,663 2,913 2,976 3,230 
* T o t a l  n i t r o g e n  a p p l i e d  i n  kg/ha 
T a b l e  7 2 . .  P l a n t  w e i g h t s  (g/plant) 11/8/87 (Z28) 
Zn 0 (kg/ha) 
TRS 0 0.5 1.0 2.0 
Aerophos 0.62 0.82 0.80 0.81 
A e r o p h o s  + 27 N 0.85 0.97 0.95 1.02 
A e r o p h o s  + 69  N 1.06 1.21 1.40 1.40 
DAP ( 2 7  N*) 1.07 1.19 1.37 1.30 
DAP + 4 2  N ( 6 9  N*) 1.16 1.56 1.49 1.47 
A g r a s  ( 2 7  N*) 1.26 1.38 1.28 1.32 
A g r a s  + 4 2  N ( 6 9  N*) 1.28 1.37 1.52 1.43 
* T o t a l  n i t r o g e n  a p p l i e d  i n  kg/ha 
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Aerophos 647 800 779 782 
A e r o p h o s  + 27 N 830 938 925 987 
A e r o p h o s  + 69  N 1,027 1,173 1,362 1,355 
DAP ( 2 7  N*) 1,037 1,156 1,334 1,264 
DAP + 4 2  N ( 6 9  N*) 1,128 1,511 1,446 1,430 
A g r a s  ( 2 7  N*) 1,219 1,341 1,247 1,280 
A g r a s  + 4 2  N ( 6 9  N*) 1,240 1,327 1,472 1,391 
* T o t a l  n i t r o g e n  a p p l i e d  i n  kg/ha 
T a b l e  7 4 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  8 / 9 / 8 7  (Z41) 
Zn  0 (kg/ha) 
TRS 0 0.5 1.0 2.0 
Aerophos 2,089 2,806 2,699 2,623 
A e r o p h o s  + 27 N 2,540 3,484 3,500 3,397 
A e r o p h o s  + 6 9  N 3,240 3,668 3,780 3,662 
DAP ( 2 7  N*) 3,185 3,371 3,483 3,606 
DAP + 4 2 , N  ( 6 9  N*) 4,070 3,915 4,218 4,325 
A g r a s  ( 2 7  N*) 3,644 3,666 3,624 3,702 
A g r a s  + 4 2  N ( 6 9  N*) 3,319 4,321 4,284 4,345 
* T o t a l  n i t r o g e n  a p p l i e d  i n  kg/ha 
T a b l e  7 5 .  P l a n t  weights (g/plant) 8 / 9 / 8 7  (Z41) 
Zn  0 (kg/ha) 
TRS 0 0.5 1.0 2.0 
Aerophos 2.15 2.87 2.78 2.70 
A e r o p h o s  + 27  N 2.61 3.59 3.60 3.50 
A e r o p h o s  + 6 9  N 3.34 3.78 3.89 3.77 
DAP ( 2 7  N*) 3.28 3.47 3.59 3.71 
DAP + 4 2  N ( 6 9  N*) 4.19 4.03 4.34 4.45 
A g r a s  ( 2 7  N*) 3.75 3.77 3.73 3.81 
A g r a s  + 4 2  N ( 6 9  N*) 3.42 4.45 4.41 4.47 
* T o t a l  n i t r o g e n  a p p l i e d  i n  kg/ha 
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T a b l e  7 6 .  P l a n t  weights ( g / p l a n t )  2 2 / 9 / 8 7  (Z65) 
TRS 0 
Zn 0 (kg/ha) 
0 . 5  1.0 2.0 
Aerophos 4.13 5.09 5.29 5.74 
A e r o p h o s  + 27 N 4.82 5.62 5.99 6.17 
A e r o p h o s  + 69 N 5.13 6.42 8.12 8.27 
DAP ( 2 7  N*) 6.03 6.48 7.70 8.32 
DAP + 4 2  N ( 6 9  N*) 6.35 8.16 8.90 9.85 
A g r a s  ( 2 7  N*) 6.95 7.58 9.52 8.84 
A g r a s  + 4 2  N ( 6 9  N*) 6.36 8.37 9.02 10.02 
* T o t a l  n i t r o g e n  a p p l i e d  i n  kg/ha 
T a b l e  7 7 .  D r y  m a t t e r  p r o d u c t i o n  (kg/ha) 2 2 / 9 / 8 7  (Z65) 
Zn  0 (kg/ha) 
TRS 0 0.5 1.0 2.0 
Aerophos 3,071 3,782 3,933 4,266 
A e r o p h o s  + 27 N 3,577 4,178 4,452 4,581 
A e r o p h o s  + 69  N 3,808 4,768 6,036 6,142 
DAP ( 2 7  N*) 4,477 4,817 5,723 6,182 
DAP + 4 2  N ( 6 9  N*) 4,720 6,062 6,608 7,314 
A g r a s  ( 2 7  N*) 5,162 5,628 7,073 6,568 
A g r a s  + 4 2  N ( 6 9  N*) 4,725 6,218 6,698 7,441 
* T o t a l  n i t r o g e n  a p p l i e d  i n  kg/ha 
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THE E F F E C T S  OF RATES OF NITROGEN ON THE COPPER AND Z I N C  STATUS OF WHEAT PLANTS 
AND GRAIN PRODUCTION 
8 7 J E 2 2 / 2 2 4 7  EX 
Aim: T o  e x a m i n e  t h e  p o s s i b i l i t y  o f  r a t e s  o f  n i t r o g e n  i n d u c i n g  copper 
a n d  z i n c  d e f i c i e n c y  i n  wheat. 
L o c a t i o n :  M. S l a d e s ,  F i t z g e r a l d  R o a d ,  W e s t  River 
Soil: C o a r s e  g r e y  s a n d y  l o a m  ( 0 - 1 0  cm) 
P a l e  y e l l o w  g r a v e l l y  s a n d y  l o a m  ( 1 0 - 2 0  cm) 
M o t t l e d  o r a n g e  S . C .  ( 2 0 - 3 0  cm) 
M o t t l e d  o r a n g e  c l a y  > 3 0  cm 
S o w n :  M a y  2 8 ,  1987 
H a r v e s t e d :  N o v e m b e r  2 3 ,  1987 
B a s a l s :  E r a d u  w h e a t  5 0  kg/ha 
P a t  1 8 . 0  kg/ha 
Mo 8 0  g/ha 
T . E .  1 9 7 9  S u p e r  C u  Z n  a t  160 
T a b l e  7 8 .  G r a i n  y i e l d s  (kg/ha) 
kg/ha 
T . E .  TRS Urea (kg/ha) 
0 50 100 200 
N i l  2,325 2,611 2,714 2,722 
1 . 5  C u  2,349 2,492 2,690 2,746 
0 . 7  Z n  2,393 2,595 2,619 2,619 
1 . 5  C u  0 . 7  Z n  2,302 2,542 2,698 2,587 
N B :  1 . 5  C u  = 6 . 0  k g  C u  S O 4 . 5  H20/ha 
0 . 7  C u  = 1 . 0  k g  Z n  0/ha 
T a b l e  7 9 .  P l a n t  w e i g h t  ( g / p l a n t )  9/9/87 (Z41) 
T . E .  TRS Urea (kg/ha) 
0 50 100 200 
N i l  2.41 3.09 3.36 4.14 
1 . 5  C u  2.25 3.11 3.74 4.09 
0 . 7  Z n  2.00 2.89 3.54 3.84 
1 . 5  C u  0 . 7  Z n  2.14 2.84 3.18 4.20 
N B :  1 . 5  C u  = 6 . 0  k g  C u  S O 4  5 H20/ha 
0 . 7  C u  = 1 . 0  k g  Z n  0/ha 
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T a b l e  80. D r y  m a t t e r  p r o d u c t i o n  (kg/ha) 9 / 9 / 8 7  (Z41) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
50  100 200 
Nil 2,301 2,948 3,206 3,950 
1 . 5  Cu 2,147 2,965 3,567 3,902 
0 . 7  Zn 1,912 2,759 3,381 3,829 
1 . 5  Cu 0.7 Zn 2,209 2,714 3,222 4,005 
T a b l e  81. D r y  m a t t e r  p r o d u c t i o n  (kg/ha) 2 3 / 9 / 8 7  (Z59) 
T . E .  TRS U r e a  (kg/ha) 
0 50 100 200 
Nil 3,529 5,574 6,314 7,072 
1 . 5  Cu 3,503 5,411 6,243 6,833 
0 . 7  Zn 4,012 5,802 6,630 6,704 
1 . 5  Cu 0.7 Zn 3,509 5,853 6,733 7,376 
T a b l e  82. P l a n t  weights ( g / p l a n t )  2 3 / 9 / 8 7  (Z59) 
T . E .  TRS U r e a  (kg/ha) 
0 50 100 200 
Nil 3.47 5.48 6.21 6.95 
1 . 5  Cu 3.44 5.32 6.14 6.72 
0 . 7  Zn 3.94 5.70 6.52 6.59 
1 . 5  Cu 0.7 Zn 3.45 5.75 6.62 7.25 
T a b l e  83. D r y  m a t t e r  p r o d u c t i o n  (kg/ha) 6 / 1 0 / 8 7  (Z70) 
T . E .  TRS U r e a  (kg/ha) 
0 50 100 200 
Nil 4,724 6,350 6,816 7,132 
1 . 5  Cu 4,950 6,603 7,150 7,256 
0 . 7  Zn 4,834 5,773 6,814 6,919 
1 . 5  Cu 0.7 Zn 4,874 6,509 6,937 7,417 
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T a b l e  8 4 .  P l a n t  w e i g h t s  ( g / p l a n t )  6 / 1 0 / 8 7  (Z70) 
T . E .  TRS 
0 
U r e a  (kg/ha) 
5 0  100 200 
N i l  4 . 6 7  6 . 2 4  6 . 7 0  7.01 
1 . 5  C u  4 . 8 6  6 . 4 9  7 . 0 3  7.13 
0 . 7  Z n  4 . 7 5  5 . 6 8  6 . 7 0  6.80 
1 . 5  C u  0 . 7  Z n  4 . 7 9  6 . 4 0  6 . 8 2  7.29 
D a t a  f r o m  s a m p l i n g  t i m e  1 ( Z 1 5 . 5 ) ,  t i m e  2 ( Z 2 9 )  a n d  t i m e  3 ( Z 3 2 )  h a s  n o t  been 
presented. 
C h e m i c a l  a n a l y s e s  n o t  available. 
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THE EFFECTS OF RATES OF PHOSPHORUS AND NITROGEN ON THE COPPER AND ZINC STATUS 
OF WHEAT PLANTS AND GRAIN PRODUCTION 
8 7 E 3 0 / 2 2 4 7  EX 
Aim: To  e x a m i n e  t h e  p o s s i b i l i t y  o f  r a t e s  o f  n i t r o g e n  a n d  phosphorus 
i n d u c i n g  c o p p e r  a n d  z i n c  d e f i c i e n c y  i n  wheat. 
L o c a t i o n :  E s p e r a n c e  Downs R e s e a r c h  S t a t i o n  ( F o r e s t r y  Block) 
New land 
S o i l :  Sand/gravel 
Sown:  May 2 8 ,  1987 
H a r v e s t e d :  D e c e m b e r  1 7 ,  1987 
B a s a l s :  A r o o n a  w h e a t  47  kg/ha 
S 1 5  k g / h a ,  K 50  kg/ha 
Mo 80  g/ha 
Zn  7 0 0  g/ha 
T a b l e  8 5 .  G r a i n  y i e l d s  (kg/ha) 






N i l  Cu  N 50  0 707 939 864 769 
N i l  Cu  N 1 0 0  0 639 755 857 673 
1 . 5  Cu N 50 0 639 1,109 1,605 2,143 
1 . 5  Cu N 1 0 0  0 701 1,231 1,898 2,483 
NB: 1 . 5  Cu = 6 . 0  k g  Cu S O 4 . 5  H20/ha 
N t r e a t m e n t s  t o p d r e s s e d  2/7/87 
T a b l e  8 6 .  P l a n t  w e i g h t s  ( g / p l a n t )  6/8/87 (Z17.5) 
T . E .  TRS Phosphorus (kg/ha) 
0 5 10 20 40 
N i l  Cu N 50 0 . 0 8  0.54 0.72 0.87 1.00 
N i l  Cu N 1 0 0  0 . 0 9  0.77 0.77 1.05 0.85 
1 . 5  Cu N 50 0 . 1 0  0.61 0.88 1.07 0.90 
1 . 5  Cu N 1 0 0  0 . 1 0  0.90 0.86 0.91 0.98 
NB: 1 . 5  Cu = 6 . 0  k g  Cu S O 4 . 5  H20/ha 
-35- 
T a b l e  8 7 .  D r y  m a t t e r  production (kg/ha) 6 / 8 / 8 7  (Z17.5) 
T . E .  TRS Phosphorus (kg/ha) 
0 5 10 20 40 
N i l  Cu N 50 87 582 778 931 1,077 
N i l  Cu N 100 96 830 832 1,124 913 
1 . 5  Cu N 50 108 652 946 1,147 968 
1 . 5  Cu N100 104 967 948 979 1,048 
N t r e a t m e n t s  t o p d r e s s e d  2/7/87 
T a b l e  8 8 .  P l a n t  w e i g h t s  ( g / p l a n t )  1 9 / 8 / 8 7  (Z31) 
T . E .  TRS 
0 
P h o s p h o r u s  (kg/ha) 
5 1 0  20 40 
N i l  Cu N 5 0  0.13 0.81 1.23 1.08 1.48 
Ni] .  Cu N 1 0 0  0.13 0.95 1.24 1.77 1.87 
1 . 5  Cu N 5 0  0.12 0.72 1.31 1.71 1.75 
1 . 5  Cu  N 1 0 0  0.12 1.19 1.42 1.94 2.11 
T a b l e  89. D r y  m a t t e r  production (kg/ha) 19/8/87 (Z31) 






N i l  Cu N 50  142 873 1,316 1,161 1,586 
N i l  Cu N 1 0 0  140 1,020 1,328 1,900 1,949 
1 . 5  Cu N 50  132 774 1,407 1,832 1,878 
1 . 5  Cu  N 1 0 0  129 1,277 1,528 2,079 2,262 
N t r e a t m e n t s  t o p d r e s s e d  2/7/87 
T a b l e  9 0 .  P l a n t  w e i g h t s  ( g / p l a n t )  3 / 9 / 8 7  (Z48) 
T . E .  TRS 
0 
P h o s p h o r u s  (kg/ha) 
5 1 0  20  40 
N i l  Cu  N 50 
N i l  Cu  N 100 
1 . 5  Cu  N 50 






















T a b l e  9 1 .  D r y  m a t t e r  p r o d u c t i o n  ( k g / h a )  3 / 9 / 8 7  (Z48) 






N i l  Cu N 50 224 1,271 2,288 2,400 3,114 
Ni].  Cu N 100 182 1,604 2,606 2,867 3,750 
1 . 5  Cu N 50 258 1,335 2,192 2,326 3,213 
1 . 5  Cu N 100 256 2,247 2,530 3,247 3,629 
N t r e a t m e n t s  topdressed 2/7/87 
T a b l e  9 2 .  P l a n t  weights (g/plant) 16/9/87 (Z63) 
T . E .  TRS 
0 5 
P h o s p h o r u s  (kg/ha) 
10 20 40 
N i l  Cu N 50 0 . 2 7  1.75 2.80 2.94 3.81 
N i l  Cu N 1 0 0  0 . 2 0  2.03 2.97 3.81 4.55 
1 . 5  Cu N 5 0  0 . 3 0  2.16 3.08 3.88 5.17 
1 . 5  Cu N 1 0 0  0 . 3 0  2.27 3.39 4.58 6.09 







N i l  Cu N 50 2 8 6  1,880 2,899 3,164 4,088 
N i l  Cu N 100 2 1 9  2,180 3,293 4,090 4,886 
1 . 5  Cu N 50 3 1 7  2,319 3,307 4,170 5,559 
1 . 5  Cu N 100 3 1 8  2,444 3,643 4,918 6,543 
NB: 1.5 Cu = 6.0 k g  Cu S O 4 . 5  H20/ha 
N t r e a t m e n t s  t o p d r e s s e d  2/7/87 
D a t a  f r o m  s a m p l i n g  t i m e  1 ( Z 1 4 . 5 )  o n  1 6 / 7 / 8 7  h a s  n o t  b e e n  presented. 
C h e m i c a l  a n a l y s e s  n o t  available. 
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DEEP PLACEMENT OF MANGANESE FOR LUPINS 
8 7 E 4 4 / 5 5 2 3  EX 
Aim: To  d e t e r m i n e  t h e  e f f e c t  o f  d e e p  p l a c e m e n t  o f  m a n g a n e s e  a n d  foliar 
a p p l i e d  m a n g a n e s e  o n  l u p i n  p l a n t  t i s s u e  l e v e l s ,  s p l i t  seed 
i n c i d e n c e  a n d  g r a i n  yield. 
L o c a t i o n :  E s p e r a n c e  Downs R e s e a r c h  Station 
S o i l :  D e e p  sand 
Sown:  J u n e  2 ,  1987 
H a r v e s t e d :  D e c e m b e r  1 2 ,  1987 
B a s a l s :  D a n j a  90  kg/ha 
S u p e r  1 2 5  kg/ha 
T a b l e  9 4 .  E f f e c t  o f  m a n g a n e s e  a n d  r i p p i n g  o n  d r y  m a t t e r  p r o d u c t i o n  a n d  grain 
yield 
TRS G r a i n  yield 
(kg/ha) 
D r y  m a t t e r  p r o d u c t i o n  at 
2 8 / 8 / 8 7  23/9/87 
1. RIP (5) M n s o l  (0) 1,251 2,390 4,472 
2. RIP (5) M n s o l  (21.7) 2,310 2,362 4,427 
3. RIP (5) M n s o l  (43.4) 2,439 2,265 4,499 
4. RIP (20) M n s o l  (0) 1,295 2,631 5,301 
5. RIP (20) M n s o l  (21.7) 2,697 2,778 5,343 
6. RIP (20) M n s o l  (43.4) 3,011 2,788 5,332 
7. RIP (30) M n s o l  (0) 1,540 3,078 5,814 
8. RIP (30) M n s o l  (21.7) 2,933 3,056 5,659 
9. RIP (30) M n s o l  (43.4) 3,007 3,226 5,774 
10. RIP (30) MnSO4 ( 1 5 )  dr 2,677 3,117 5,694 
11. RIP (30) M n s o l  ( 4 3 . 4 )  MnSO4 ( 1 5 )  d 3,060 3,103 5,780 
12. RIP (-) Mn ( 0 )  M n s o l  ( 5 . 7 3 )  SPRAY 2,492 2,305 4,423 
13. RIP (-) MnSO4 ( 1 5 )  M n s o l  ( 5 . 7 3 )  SP 2,544 2,420 4,589 
14. RIP (-) Mn (15) 2,421 2,410 4,523 
15. RIP (-) Mn (30) 2,508 2,422 4,624 
R i p p i n g  r e s p o n s e  d u e  t o  R h i z o c t o n i a  control. 
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